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O'mcrvatioml t e c k ~ :  uc s g-iff 'er .  Where t h r e  is  a great  
ii m i  kimepoUS observers, tho opt ica l  
1 ';s-gos EZ& first  ve r t i ca l  aethod is baniiaa mthcd  o r  tlm ree~r i ,  

applied; where there i s  E i:. L L  ciw303p of observers the sky pat ro l  
m t h o d  i s  usad. T ine  m y  7x recvrdcd by t3m visual-somd method o r  
v i L h  ths use of a c-h~onogralh Tisual. o3se:rvations are indispensable 
in  the case 01 objects of 1;ttle Brightnese, and are osgeeially 
h g o r t a n t  i n  the in i t ia l  a:& finak ,stages or" sa%ol-li-t;e l i fe ,  when 
I t s  or.'52$ h.s cot g& been ~u . fYic i en%l~  B e t e m i m d  or  when Its eJsrPen%s 
a m  clanginge 

2~1sorLaat accurate YE su1-b~ are achieved i n  observations using 
photographic eamras,  O . O i o  - O.Io and O.0ls - 0.1" respectively. 
EIoreoser, %base observatiom are quite econonical, since it is  possible 
t o  rea& several  s a t e l l i t e  pct-;itions froa a sipale negative. A sttor%- 
coming of the photographic aethod is i ts  limited appl icabi l i ty  in  the 
case 02 objects charactarized by a am11 &egree of brigh-bness. 

of zrecise construction, c a x i ~ ~  of accwacies t o  O ~ O O ~ O  ana o.oo~", 
a r c  now s e t  up i n  the circuai;quatorial zone. 

T&  regula^ P o l i s h  Secelllte-Observation Service, established 
in  the sping of 1958, ia connection wi th  the, IGYj h m  10 visual  
o3sertation s ta t ions  e 'i"m of these can a l s o  mlm ph!,tographic observa- 
tioqs axid one can perform r a & i o  Jrionitoring (1-3). 
3.960, unLversi%y an& polytechjic sta%ions in Warsm~, Rrakow, Poznan, 
az& I~lroclaw, as weell as the iTW s t a t ion  i n  Gdansk, %he Planetarium 
in Chrzov, a-n& the s ta t ion in Zegjrz, annomced t h e i r  readiness t o  con- 
duct coctiaual observations. A t  13as-t t b s z  of the  abova-mentioned 
s-tat-ions w i l l  be Et'k310 t o  camry on photographic obss~~ra t ions ,  one w i l l  
continu@ radio observations. 

Ixbcmi%bioml Geophysieal CoDperati.on, works togethm with the disposi-  
t i o n  center i n  tb Soviet union ( K E ~ @ S ) ~  The State m k o l o g i c a l  m d  
li:3tso~ological Inst i%ute cao>?era-i,es closely with the natiollrzl service. 
At hss aade i t a  commicazioils equipwmt available SOT l i a i s o n  between 
t k s  K o s m s  bureau, thz IGY C ~ ~ m i L t e ~ ,  and the bd iv idxa l  s%ations. 

'i'ke results of Polish satel l i te  okservations have been published 
in  Soviet bu l l e t in s  contaiaiig collected ~ ~ o r k s  (3). Since ths be- 
g i p a i w  of 1960, hovever, t_%@y have appac~ad i n  the "Bulletin of Pol ish 
%te l l i t@ Observations" (4) togsthe,- wi th  other related i d o m t i o n  on 
sphliks t 

S m e  42 sgecial  s t t i t i o m ,  equipped wi%h large Baker-Rm cameras 

~ l n  the beginning of 

The Pol ish Satellite ServicB, coordinated by the Cornittee of 

- 

The folloviri i  two baslc conp-kational problem OCCLW in cases 
demrding a s t r i c t  numerical aolKtion, es tW.1 as 3x1 regard t o  approxim- 
t iozl  problems, depending upon circumtances : 
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where f is the constent u n i ~ 3 r ~ a - i .  gravity, r is  Yae radius t o  the 
c 3 ~ r e n t  s a t e l l i t e  position ( i-cs ~.ietanco from %be center of the earth) 
The motion of t3h.e s a t d l j t e  ~ C I Z ~ E  ~ c ; c o ~ d i n g  -to -the equations 03 
notion: 

~ . .. __ -- . . .. - ._ . . . -. - . - . . . . - .. . .... -. . . ~ . .  



is i;b field of ayeas described by radlrrs r in E, unit of t h e *  
is the so-called sector velocitx, during which tk;e  veloci ty  of the 
satell i te in its oir:sit is 

T h i s  

Betveen the v e l ~ c i t g  vector V a d  the r, vector the f U g e  mlation- 
ship I S  s e t  up: 

- 7 -  



' .  

4 

T 

~ .. . . .  . . . .... . .  



we cu_n 

or i ts  

put i n  se-' L le35 : 

ia~erss proportion; 
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the  elexents of this ( r ight  angle) 
t r iangle  : 

sin $ = s i n i  s i n  u 
tgBi\g = cos i tg u 

s '3 

1\78 obtain -the relationships 

" 1.0 - 



-- - 
e =  a 3 

t ?m im&iaatio3 or" the  Q:-~J- A 

t e r r e s t r i a l  equator i, the :~*i&i! 
agccnsion of tho a sced icg  ;iode 

t?m t2ae of s a t e l l i t e  passa,;e though the 
mc@zfliag node %$ 0:" the t n e  c f  its pissage t h o c g h  perigee Tp),  
period - - 2ma372 (liiy.a,conic y.3>B 

plaXE ti2 the ph2Ei Of the 

2%L = 4% (mg-mcnt of perlgen, 

anoml i s t i c  P ). P p 
Aad since the  incl ia t ion i and the r igh t  ascension of point&& 

defim the mienta t ion  of t l s  oxbital  plane in space (Iliapaxi 3) , the 
e r ~ ; m e ~ . t  of l a t i tude  02 perfages ~ ~ ' i n c l i c a t e s  the orientation of the 
orbital. e l l i p se  ia the orbital. p l a m ,  while the eccentric e apd m j o r  
8emiaxis 4 ckaracterim tho d imrs io r s  aPla s b p e  of the orbilt. The 
tjlois of s a t e l l i t e  passago tkrough the ascending node o r  through perigee 
YJ;, OF T, and psr iod  P Linl s a t e l l i t e  Ilio-kion with t h e .  

I 

The s a t e l l i t e  orb i t  ! i t?:  cyib :d eat pmsented by formulas 1 - 30 
would x-efer t o  the theoreticzl C ~ E ~  of a s a t e l l i t e  revolving aroma an 
e e C h  t h a t  is a honaogeneoua, i so l a t cd  sphereo However, the sa t e l l i ze  
f1igh-L o e c t ~ s  within the g-~c:.i.i;a.ior31 f i e l d  of en earth, which, in  
r ea l i t z ,  is on oblate spker. .a 1.r :h EL zlonhoaogeneous inter ior ;  moreover, 
as is h a m ,  -the ear th  sy'i'b- it 52.f is but a sputnik i n  the  sphere of 
IsSluenee of 0 t h ~  bo&ies cd. -Lh: m 1 c z  system, such as  the noon, s u ,  
a d  planets. A s  a resu l t ,  k x h  ,he spatial orientation of the sputnik's 
or%i%, as ml1 as i ts  sbxipe 1 ' :~cr:sions~ are s~bjsc-bed t o  secular 
ard porioa c3xmges, io@., 1) P s ~ m s .  The great3st perturbations 
i n  a spu%xxlk@s or'ait resul.-i, r a i  ,,he folloxrirrE: c&uses: 

i n  thc value or" the r igh t  as:eneiai of the ascending nods (motion of 
l ine of ndes ) ,  d a22- , and s ignif icant  changes i n  the value of the 
argmmt cxf gorigee (motioa of the l i ne  of apsides) ,ijbd; then it ifllrrences 
t l ~  charge of the oxqLm+.,~tion of' the or'oi", ia space ( f o r  example, in 
t3.s case 02 xputnlk 1958 5 c2-m cbngz of .h c! f o r  each 2h-how period 

L -  

1. The o3lateness or - L I ~  s c r C k  causes significant secu lar  changes 



Y 

vas ~b0u-t; 0.4'); it also caxses very small pwiodic changes. 
inf-kusnces i n  a vmy i is lgnif iccmt way chm4e i n  the shape aFd dimsn- 
3iom of the  orbite Portur;)ation is a function of the oblateness 
02 tb earth aid of tho ine1:'Lna"com or' the s a t o l l i t s  o rb i t  t o  the 
t e r i ' o a t r l a l  acluazarial Ox-b2.-I,* 

velocity, lessening OS: sput:iiiC &istanca f r o m  the centor of %he e w t h  
(IzrsigW a t  perigee) ,  lesszning of P ( a ~  ~ ~ ~ i s e q ~ e n t ~  of 4 3 and 
lensenim of accen"cr lc l l y  o I  I 'L; dom not evoke changes in the 
orientation of the orbi t  i n  q a c e ,  but rather secular changes i n  the 
shape a d  maii tude of the o f b i t .  It is a function of the distance 
of the sputnik fron tho awi'ace of .tke earth. 

following : 

It 

2* A 5 r  resis"tnce o.?.Fec-ts s ignif icant  changes i n  s a t e l l i t s  

3. The remaining 8 o i w e s  of o rb i t a l  p&xrbation are the 

(a) the g rav i t a t ioml  tnflumco of the moon, sun, and p k ~ r ~ l ~ 3 ;  
( 3 )  tho assymctry of -;he ear th  and the nonhomogeneity of i ts  strucbwe; 
(c) oncoming f r i c t ion t  ; 
(L-j the ro- ta t ioml  moLion OF - t h ~  sa ta l l i t e ;  
( e )  the  mutual forces of the electrosagnetic and e lec t ros ta t ic  f i e lds ;  
(2) the rotat ion of t l  e at nosphsre; 
(8 )  the ef fec ts  of the tke:cy of r e l a t iv i ty  expressed i n  ths 

motion of periece. 
The e f fec ts  mmed i n  ,mragranh c are considera3ly smaller than 

the r e su l t s  of t ho  force of the ear thP8 oblateness and of atmospheric 
resistance,  and are d i f f i c u l t  -to determine quantitatively, both from the 
poilit of view of their  smll value and t h  di f f icu l ty  of computiw them. 

w i l l  not give then reuch a th i i t ion ,  sinco tho grac t ica l  assumstions 
of the erramgle developed in p r t  two operate with accmacies mny times 
smaller. KO w i l l  take BOW time, horaever, on the effect  of the f i r a t  
txo  agents i.x~ paragraphs a ana b. 

The problem of the motion of a s a t e l l i t e  i n  the gravi ta t ional  
f i e l d  of an oblate planet is basical ly  not a nev problern, since it w a s  
sofvd i n  re3a"con t o  the t h e w y  of the motion of %he Boon of large 
$ ~ % e t s  and a lso  i n  regard ta the ea r th*s  ~ O O i l o  However, the orb i t s  
OS a r t i f i c i a l  s a t e l l i t e s  are su1 jsctecl. t o  may sFecial features  vhich 
mrkedQ differ  frora the orbits of the natural  sa-tell i tes known t o  date, 
The decisive ro l e  k8re is p1:zyed by the @eat inclinations of t he  
o rb i t a l  planes of sputniks r&iiilve t o  the t e r r e s t r i a l  equatorial  plane, 
as rsell as %heir nearness t o  i ts  swface.  The 3rosent theories r e l a t ive  
-to satel3Tf;es ~ i t h  a sm1L EL @e 0-2 indination and considerable distance 
f r o n  the mother planet can. n 1% be used i n  the  matter of a r t i f i c i a l  
earl& satell-ites e 

Atnos&eric resistarzc 2 is ths min pertwbation force f o r  the 
raot:ion OP the sputnik around t h  ceneer of mss f o r  the 2irst artif icial  
s a t e l l i t e s ,  consideri-i  thiiDi:* rolati irsly smll height at  pwigee 
The mraents of the gravi ta t i  m a 1  ? a x e s  of the earth becme substant ia l  
oDiQr i n  relatiozl t o  s a t e l l i t  8 b v i n g  considerable heigkrt a t  perigee 

.? 
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and those h%~lm great heii Irt at perigee, and w i t h  suf f ic ien t ly  
dir 'feront mom,r;?i.s of i3er.t: a, $or e r t i i f i c i a l  satellites &vi-% a 
h i g h %  of W O  lim and abom, the acxmiynmic forces are insignificant,  
.acta mas% in2orlan-b are gertwbations of gravitatIona1 ojrigin. 

actio2 of g r a x i t a t i o n a l  .Foxces leads t o  the following relationships 
of s z c u h r  chmgss in tbe elements of the o r b i t  (15 ) :  

Tke 'c'r3ory of the mr.tion of an wtLt'icia1 satall i te d s s r  t b  

dia 
dt 
- = 0 ,  



u .  
8 

fa2 
e”‘ is 
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3-25 27 m y  58 

8= 

10 

15 

14 

14 

thz desire t o  obtain doc-mental 
material t o  conf im the theory 
of radio-wave propagation in  
the ionosphere (5>9 it was 
necessary t o  compute s a t e l l i t e  
posit ion expressed i n  geographic 
coordiaatas and i ts  height above 
the surface of the ear th  and 
distance along ths  orthodrom 
f r o n  points beneath the s a t e l l i t e  
t o  the Zegrze s t a t ion  f o r  the 
observation moments given below 
( s t a r t  of signal, maximum, and 
end). This exaaple presents 
coqutat ions dealing with 
selected observations shm i n '  
Table 1. 

To solve t h ~ t  problsm t.efined i n  pax-ag-razh 6 with the aid of 
foradas  14-30? the values of the o rb i t a l  pararmtors n a n d  a t  the en& of 
section 4 referr ing t o  %he o&.semation epoch of the Zegrze Stat ion radio 
nonitorinp;, as well  as  t h e  v ~ l u e s  of the secular cl3angss of these 
- Farmsters ,  nust be at hand. .As .t r a su l t  of surveying a l l  possible docu- 
mi it^, it IELS possible t o  ga-i'ier x4-ie following dak: 
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w+re i is tho inclination of t2Lc orbi t ,  P i s  the anomalistic period, 
*is the aregwxmx of pepqec?, r3, is tiu distance from the center of 
bfie ear th  t o  %l?s perigee, H is-che heiejfit above the surface of the 
earth t o  pspigee, EA is the.'hsiGv3b above the earth t o  apogee, e is the 
eL.ceatricity of the o r b i t ,  -', i: t b  epoch f o r  which the above values are 
giveme 

Pis seen f rom the above compjlation, tha m t e r i a l  gathered was not 
coa@ete, values fo r  t b  c h ~ q e s  i n  the tirne of elements 18, i, r, values 
f o r  the riglit ascepsion of ; L S C O I : ~ ~ . ~  node a5 w e l l  as any e lemnt  l i n k i w  
the satell-i-te p s i t i o n  t o  t, ?-:*a aissing. The problem of conrputing 
-cha missing data on the bas s 0- ob;txvational natsreial arose. Un- 
fortunately,  no pos i t lon  o t  ,erv:-tions were imde i n  Poland dmiri the 
period i n  which %he radio o;)sori:~tions were made (second half of Nay 
thx-oxh ImgTxming of Jtme). 
Polish t e r r i t o r y  from tha m:)mn-b of bunchirig (15 Fay 19%) u n t i l  the 
xlrldle of Jim@; then, hotsre'vor, a geriod of bad weather s s t  in. Computa- 
t i o n  or" the y12issing or3it, sI.emnts on the '- r i s  of' observations from 
-the e& or" &.u-ie tktrougli July could lead t o  major cmors due t o  ex tm-  
zolation. In v i m  of th i s  Somi@ data, publishad i n  one of t b  issues 
of' "IGY WorLii Data Centor A, Beckets and Sate l l i t es"  (8) were r e l i ed  
upone From, the l is ts  of 0b:ic~VE'CiOnS given there, camled out i n  Yay 
1958 by observckion s ta t ions of different  continents, those c i ted  in  
Table 2 were chosen- 

L 7  

0 

SpLtznik 1111 was not v i s ib le  a t  night over 
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I 

2 
3 
4 
f5 
6 
7 

8 

9 
10 
13. 
12 
J-3 
i4 

02h.55m 
02 54 
02 49 

23 bh 
02 18 
01 28 
22 23 47 
23 02 53 
22 14 ra 

03. 37 59 
03 54 30. 
02 65 
19 10 

23 G2 18 

- 4 2 O 0 0  
-41 30 
-36 12 

O02hp 53'30* 
-30 30 
-69 00 
-30 18 
-17 02 
-08 01 
-08 45 
-07 36 
+52 32 
439 30 
3-23 
4-68 

273 30 35 30 
1 18 29 30 

The geographic coordir=s?.tes :,f t:k? stations are given in Table 3. 

284O36 e 
288 32 
18 02 
28 04 

237 b8 

238 1 4  51-0 

237 56 3.4 

28 12 &2!$ 

151 06 

-9-4 0'08 @ 

a-42 23 
-33 56 
"26 u 
937 47 
-25 43 42'!56 
+38 32 55.8 
-33 55 
4-37 57 52 

The materials above imlu&c; -Ll?.cn. the station geogrqhic  
coordinates, &ate, hoa-, a i p t e ,  second, ajnd its fractional par t  at  
t b  zomrrt  02 observation, aE. WELL ae ti= tapocea%ric eqmtorial 
coordinates 4 and. 5 and a ard h of %lie &dsition of the observed 
s putrai ke 

-.? 

s 
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E. Solution 

u- co3S sin t 
s in  z -sin ", = 



4 .  . 
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1 
2 
3 
4 
5 
6 
7 
8 

43044 
44 53 
18 03 

157 18 
35 37 
53 04 

239 54 
239 35 
242 14 
291 04 
238 32 
284 27 
285 19 
268 5& 



The first expressiolz of %lie r igk t  side is  computed by the 

(44) 
$ '  

fornula 
s i n  A A ~  = tg 7 c t g  io 

The  second, e::preasiorA reslzlts f r o E  the  revolvin$ motion of 
t h s  earth a d  is  expwssed by the relationship: 

- 22 - 
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~ - 1  observations, 



8 
9 
10 
11 

790 94 12 

Aoi 

x 

* 

&ixaem. 

222992 

263 95 

The r e su l t s  contained in  brackets refer t o  tbe same moments 
?st- 
d i f f a r  fmm. each o t 3 m e  Discre-pncies a r i s e  frora observational errors .  
Results beming ~ I C I E S  emors a2.e ai.scarded, while means are fomed from 
-ib reminings 

32” passage frcjm ki zvoraged t o  A, f o r  a cer ta in  selectea epoch, 
t h e  fo_rm?r would have t o  be bror&t t o  scme comon system of reference. 
To  do this, it %miLr i  bo necl?ssarg t o  c o q u t e  the nmber of complete 
revolutions zaae by tlie s i z t : ~ i t c  betyeen separate epochs3 TS . 
The ValEBs $& 
E$ t o  lz; i ‘mcee~ CCB>u~tionS are s h o ~ n  In Table 6;. 

(close obssrva-i;ions in tim.0 awing the  s m e  revolution), need not 

a m  corqu”r;d accordixlg t o  fo rmla  (42) with accuracy 
* _ 1  . 5 

T $L i 

0 55 0 55 

T i x e  interval  bs- 
meen 8uccea s ive 
moments T z i  

11 25 Jj 

8 02 1 



A.s egoch, the mom t OS the first sputnik -passage through the 
a s c s d i n g  node on V I .  le 0 is chosseii, and fron it, the en t i r e  number 
of rsvo2ui;ions n f o ~  scpmts rnomnts is coaputed. This choice 
os  epoch '6ms Pomded by expmsion in tb: of both th@ i n i t i a l  astroaomi- 
cai obser~ations as T T ~ U  as t h  radio observations. TM values JOT 

(averaged) m8 cox2i'lod. i n  Table 5 ,  corrected f o r  the en t i re  number 
of com21ete angles s o  tha t  the ZBFO of' an obtained. numerical axis could 
bs f'owtd. near th5 sslected ~ y c h .  A system of equations of e r rors  is 
obtained and t'sren a system c; n o ~ m l  equations, which are solved by 
the method of krakoviaa roots  (Table 7) .  

nh 



3 0 ,  or‘ 
T’aos. n b c 1 S 

1 a b 2 A. S 

J A o  = ~ 0 ~ 0 0 0  230. 

Tho value of change coapwted here oontains two m d ~ e r a :  one 
is z o a t ~ ~ o l l e h  by the ear th  9 8 revolution, the second by the change i n  
r igk% ascension of t h e  rzscend2ng node. The existence of the term 
i s  caused by a shortening of period P as a r e su l t  of air  resistance. 
It nust be added th& the fumtiol? according t o  which the geographic 
l o ~ ~ i - t v . & e  of the ascenAing node cPar..es is  not on ly  very conplicated, 
bxc i 3  actually mhocsn. Therefora, the equation of e r ro r  given here 
i s  oiw a cer ta in  approximition i n  vh-ich time sector works s@fic ien t ly  
well  e 

tkis by rnKLtiplyiF& P by 
The fol lowing z;101*2~ co~putus the same epoch of value T4% e We obtain 

ntmibcxr of revolutions n, and by &dine; or  
subtrac-tirg from i (Table 8)- 
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Bo, of 
Pess 0 Pi  

d 
'j& i 

After computation, we have 

It must be notea % b ~ t  i n  coapwting p31.. (see Table 6 ) ,  accuracy is 
Bow0ver, l imited t o  minutes, while obaerimtional Zata yields seconds. 

t& actual. - considerably less - accuracy of observations a d  the 
re la t ive ly  ap-o,roxima%e fomnlPJ_as Zield greater discrepancies than 
tkose rssultira froa roundjng of f .  Ths accwacy demanded i n  the 
pr93lem is  noncthelcss p e r :  srtY3d. 

The nex% ami last s t e p  t o  obtain all LSae require& orb i t  elemnts 
was the coap ta t ion  of ths valuo of t P s  r i gh t  ascension of the 
ascending node &nd its daily c b m ~ e s -  O u r  approach hers is similar 
t o  tha'c in previous cvomptations of lo and TgP& 
pute 5.Li 09 successively iridlvidetal i n i t i a l  obser-mtions, and then, 
having them ex2anded i n  tim, ITB br ing than t o  a single epoch and con- 
pute the &an@* 
adduce& in pr t  one: 

This mans we com- 

To rea l ize  th s  above, we use the relationships 

T>e? last  equality is  h p x k a n t  f o r  the point at which the s a t e l l i t e  
is  located a% a given i31_0ment, kat  f5r each point on the c e l e s t i a l  
sghere a d  i ts  mdian projection oslto the t e r r e s t r i e l  sphere. I n  
view of -tl?is, the r igh t  ascmsion of the ascending node at  mnent T 
w i l l  be equal t o  the sidere:d- time of place, above which, on the  sphere 
a t  ~onen-t T, the orb i ta l  p lme ixbersects the equatorial  plane. 
would be eqml t o  

This 



6 

8 
9 
10 
11 
12 
13 
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+lo  e 788 +o. 818 -45 35 -91 10 
4- 4,. 167 +oe 898 -47 08 -94 16 
+ 9-407 90~895 -46 54 -93 48 
Jc 9.371 4-0.896 -46 56 -13 e 80 

1 4  
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23 h m  51. 7 -9.6899 -132 
4- 2.3  

23 50.9 -9.61-70 -131 
4r 2.2 

22 57.3 -4.4635 - 61 
-t- 2.2 

-.. ... 



4 *  zsviag ori~i't thus prepared t.:e are &le t o  proceed t o  the 
em;uta%ion of the f i n a l  cocrdlnates of t k ; e  subsatel l i te  points,  We 
sJA1 again use foraulas (21), (22)> (43), arid (451, f o r  the computa- 
t i o n  or" Q and . Va1v.e u appearing i n  them we obtain 9::m trans- 
fommd. fommla (107 2 

Table 12 contaics coquta t ions  made with the  abow fomulas .  
&re is the content of the sepxrate C O ~ ~ S ,  in numerical order: 
Col. 1 and 2 - date and. m u m n - t  of obssrvation Ti; 

Coi. li - M according to ? c m u h  (48); 
COX, 5 - 10 - coEpxtation of u according to fornula  (47); 
Cole ll - 13 - COmputatioE~ , formula (21); 
~ o l ,  14 - 16 - computatioc ~ 1 x 8  -zgs.eeing w i t h  fo rnu la  (221 ; 
@ O X .  17 - 19 - eoragutatiior, of .iX" according t o  formuh: 

Col, 3 - ( T i  - Ta); 

. 53 v022d 

I1 34 

. 84 V t  24 

. 
99 v'a 25 

126 v4 27 

- 32 - 

10012 $2 
23 38.6 
30 36.8 
3 24.2 

30 36.8 
44 13.0 
79 36.4 
93 12.8 
120 25.8 
94 35.0 
101 23.2 

58 32.2 

112 59.4 

128 36.4 

72 09.0 



+o 159 

0 6 89'7 
0 '775 

-1-0 894 
0~88s 
0 702 
90.766 

o e 8:j5 
0.827 

+2y 24 8 

60 29 
42 27 

+g2 24 
62 26 
64 45 

+60 Ob 
55 15 
43 b 5  

+54 56 
52 12 
40 22 

+64 46 
62 34 
47 47 

s i n  i = 0.90631 



Still mmin ing  t o  1 s  co.:quted: s a t e l l i t e  distance froln the 
place of &serve,tion - 1, t ~ d  its height above the earthBB surface - H. 
The first ai? these value8 ve coasute w i t h  the formula: 

c9s ill cos? 
cos 1 =SinP, + c o s g ,  

53 0.823 14 
0.870 21 
0.886 61 

0~886 47 
54 0.792 29 

0.904 46 
84 0.866 61 

0.821 65 
0.693. 51 

99 0.818 48 

126 0.904 53 
00887 55 
0.740 61 

0.346 02 
0.300 22 
0281 €34 

0.282 00 
0.259 93 
0~303 06 
0.347 34 
0.440 18 

0.371 80 

0.350 10 
90373 48 
0.464 28 
0.259 78 
0.280 74 
0.409 45 

12'36 
25 00 
32 39 
29 12 
5 46 
23 31 

5 08 
9 34 
19 1-4 
14 49 
2 13 
32 34 
16 14 
15 17 

16 28 

0*975 92 

0.841 98 
0.906 31 

0.944 38 
0.994 94 
0.916 9.4 
0.958 98 
0.995 39 
0.986 09 
0.944 18 
0.966 75 
0.999 25 
0.842 77 
00 960 13 
00964 63 

0.990 35 
0.962 07 
0.940 2e 
0.979 32 
0.983 44 
0.955 48 
0.978 72 
0.997 43 
0-982 35 
0.979 52 
0.987 57 
0.977 47 
0.936 16 
0-973 28 
0.982 19 

53 

54 

84 

99 

125 

887 
1'962 
2215 
1299 
1161 
lgil 
1-317 
458 
1200 
1293 
1007 
1356 
2291 
4.77 
1206 

-00111 fis ' 

-0.109 59 
-0.108 04 
-0.13-1 95 
-So103 04 
-0.LC3 77 
-0.0s~ 95 
-0.076 96 
-0.055 63 
-00075 96 
-0t070 94 
-0.0228 57 

-0.090 53 
-0-061 81 

-0*097 7 1  

5578 207 
6596 225 
6610 239 
6574 203 
6610 239 
6648 277 
6804 433 
6882 511 
7061 690 
6891 5 20 
4933 562 
7119 748 
6702 331 
6'765 394 
7010 639 



whiie the secozled is obtai  sd: 

Vnbr  t b  conditions ao ibed, with only a p a r t i a l  knowledge of 
the vrb9't elmants, %he in; c!f lviiq'x, the problexn presbnted seem tb 
mask reaso?.;zble. Atta~pts a t  coaputa-tion of the missing orbi t  e lemntx 
were a l s o  made with another ~ ~ t h o d . ,  on the basis  of selected observa- 
t ions  (Polish, Soviet, Czschoslovak, German) made on the loca l  meridian 
OT first  vertical- Comiderira, hoveveY2 the necessity of extrapola- 
t i m  a,& the insufficientlg accwate ew?cution of the above condition, 
suitable result8 were ta?mr: only i n  a.pproximntion. For several months 
f ~ o m  %he time the problem W'ZS coL!21etedJ we had no accurate data r e l a t ive  
t o  S:pu%nili 111 orbi t  elex@r;La tha t  would f a c i l i t a t e  a check and compari- 
son of %he values .obtained, On12 imwdiately before giv3ng t h i s  work 
to %he publiske;: did we recoiw a publication fro% the German Federal 
Rs;aublic, i n  which V a l U S S  mm 3.i8tsd which had been computed on the 
Sasis of suf f ic ien t ly  r i c h  ini t - :  iii &-ta and which indicated agres - 
mx% with those found by UE . (;:'{) 

th3 ascending node b J j  l/' :: -2i3 given i n  (17) is included i n  the realm 
of valzes coapu-ted in- $he f:i*mmork of o w  treatment, with the theoret i -  
cal fornula - -2951 ami. emp.i.rica1l.y -22'63. 
by us f o r  the flr8-t sate11It;e passap3 through the ascending node on 
1 &me 1958, wkLclp we chose as en i n i t i a l  eyoch, is ident ical  with 
(171 22 = ~n a similar way, conparison 
or' the clmnge of tlzF) daily geogrsphlc longitude of the ascending 
noCe, caused by the aoibion of the e 

any discrepancies impair- th,e accuracy of tha de t emimt iom.  

tables  of results, one can se0 the accuracy we were able t o  achieve. 
It i s  sat isfactory as far as the pract ical  goal, dictated by the condi- 
t ions ramed i n  paragraph: 6 and 7, is concerried; but the obtained d a h ,  
conputed with approximiloa f oraliilas 
lodge of the orbi t  elomwats and a smll nmber of astronomical observa- 
t ions ,  can only be considered approxim-ka resu l t ss  For exmple, t o  
c o q u t e  accwa-tely t b  0Yoi-t elc:mnts of the first Soviet sputnik, the 
bacocx Wsti'clxte of A.~tronc~.my used 60,000 radil; observa- 
t ions and 400 visual obsermtions; f o r  the second sputnik 13,000 radio 
an& 2,000 visual o%servatiom im-e use&; and, f ina l ly ,  i n  %he case of 
the th i rd  Soviet s a t e l l i t e ,  .merely i n  regard t o  the epoch, i n  the  six 
weeks following its launching 539000 radio and 1,250 optical  observations 
were processed. A l l  coapxkations % J ~ E  mde on high-speed elactronic 
coa3uteers 0 

Thus,, the valqg f o r  ;he < :Lixyp i n  the daily r igh t  ascension of 

And then the moment found 

= V I . ~ . ~ O . W  24., 

*,; th*3 rotat ion yielded: (17) . e  .A A i .  
-2&5, OUTU e ilkL= -26.72. i" diSL the other elements indicate 

On the basis  of tb fragmnts of o w  trea'cmnt above and the 

relying on an ins -df ic ien t  b o w -  

# .  
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